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BBSTRACT

‘The calibration and operation of the NRL chamber for
:the exposure of human subjects to nitrogen mygsterd
vapors is described in detail in the first part of this
-report. . : ' ‘

Concentrations of HN vapors are established by means
of special design saturators and by a "flash distillation"
system, Analysis of the HN vapor is carried out by a
colorimetric method based on the reaction with DB-3.
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'=Opé;Etion.of the -chamber has been standardized for
AN-1 vapor exposures ranging from 200 to 2000 CT (60 min,)
end for HN-3 vapor. exposures ranging from 100 to 900 CT
(60 min,). The precision of the operation is such .that
a CT within §Z of the desired value is obtained with T
factors of 60 to 70 minutes, :

In ‘the second part of this report, a series .of.tests

is described in which human volunteers were exposed to
Hi=1 orHN-3 at various CTS at 90°F, 65% R.H., wearing
masks and either ordinary or protective clothing, The
most vulnerable body regions were the neck and the scrotum,
Severe reactions.on unprotected necks under summer cone
ditions were.obsérved following exposure to. HE-1at CT
‘300 -end Hi:% . .at CT 150, The scrotal lesions resulting .
from‘exposure ;to the vapors of these agents were similar
-~ in"time ;of . énset, duration, and appearance to those from
¥ . H -yapor,., GC-2.impregnated .clothing offered poor pro-

+; tection .against HN-1, Scrotal lesions were produced in
" men’'wearing both protective sults ‘and shorts at CT 400
“4under summer-.conditions. -On the other hand, good pro-
‘testion was affordéd by this clothing against HN-3 up €o
.the -highest CT at ‘which tests were conducted. No changes
in the leucocyte counts were. observed in any of the test
subjectgei i o L o -
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" INTRODUCTION
JNTRODUG 10N

A, Authorization.

5 1.. This work was atuthorized under Préjéct 527/41,
¥, UMaintenance, Bureau of Ships%, dated 16 December 1940,
The problems which were proposed for study were given in
pureau of Ships letter S-877 (Dz), Serial 811 of 17 Decem—
ber 1940, L '

. 2+ Participation of volunteer Navy personnel in testd
. for the study of vesicant gases was approved by the Secre-
. tary of the~Navy (Acting Sec, Nav. ltr. to OSRD dated 8 May
1942), Performance of such tests at the Naval Research

- Laboratory was approved by the Chief of the Bureau of Medw-
cine and Surgery (Bu Med ltr. Serial N .o..446 X:0A A11/EN1O
(430320) (SC) dated 20 March 1943)..

. Be Statemeht of Problenm,

and study the operation vf the NRL chamber for exposure of
human..subjects--to-HN-wvapors, - {b) to-determine-the effects
£ of these vapors at various CTs on human volunteers wearing
¥ masks and ordinary clothing; and (c) to evaluate against

. these vapors the protective. clothing currently available,

" ations . '

4, The cglibration and operation of the NRL chamber
or HN vapor exposures pi¥ésented seveprdl problems wWhich were
not ‘encountered in the comparable study involving H vapor
exposures, ' These problems were primarily concerned with
(&) the instability of HN compounds, especially mut high
temperatures, (b) the low.volatility of HN-3,.and (c) the
tendency toward formation of 'derosels. | o

-5, In the development of methods and techniques far
extablishment and maintenance of HN vapor concentrations

in the NRL chamber, it wds congldéréd desirible to use as

ar as pessible those methods which had been developed

and found satisfactory in connection with H vapor exposures,
However, it was considered necessary to modify these methods
to whatever extent requiréd to préhiblt any decomposition

of the liquid agents or the production of aerosols, The
timethods described in this report are believed to meet these
gorequirements satisfactorily,

6. At the time thls series of tests was begun, no
manw-chamber data on the njtrogen mustards were avallable,
Preliminary arm-chamber studiss ha® been performed at this
Laboratory, '
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C. Known Facts Bearing on Problen and-Theoretical‘bonsider-'
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7. An extensive series of tests was carried out by

or, Simon Black, et al,, by means of exposures of human for. -
mgs on the vepor train at. U QTL and was reported in OSRD
eport No. 3944, dated 30 August 1944, This work has been
jscussed in. relation to the NRL arm-chamber tests in NRL
éport No, P-2464, :

8. Reeent‘man-chamber‘tests with ﬁN-l —tonducted at
dgewood Arsenal, Md., and fo.be.published soan, .showed

hat men,:unprotected except for masks, carbon-cloth shorts,
g°.nd ordinary clothing, 'sustained intense general erythema
}{@t CT 350 with subsequent superficial desquamation, Two
ilayer cc-2 Impregnated clothing 6ffered inadequate protect-
on to men exposed to-CT 1600, AT CT 2400, delayed crusted
crotal lesions develupeﬂﬁwhereaS‘at'CT-3100, scrotal bleb
ormation and intense general erythema were evident within
wenty=four hours after exposure. AYl these chamber expos=—
upes took place for 48 to 60 minutes at 90°F,-85%-RH during
he summer o I975.” Tt was conclulded that’ CUJ2 Impregnated
“¢lothing offered- inadequete protection against-H=1 vepor, -

3 9, "In an enalagous series ‘of tests with HN-3 at Edge- 3
wood -Arsenal, Md, ;- it-was - shown that-men;-protected with : 3
masks and protective shorts and "stripped to the -waist!,

howed intense general erythema at CT 350 with vesication
f the neck, In tests in which the men wore TC-2 impreg-
ated clething, it was- found -that-the break point-(intense
_thema) for one and one~half layer protection occurred at’
.CT 16p0 and, for two-layer protection, at about CT
was.noncluded that- CC-2. Ampregnated. clothing gave
oderately gbod protectionfagainst HN—S o
10.- In none of the subjects exposed to HN vapor at
gewood-Arsenal were any changes observed in the blood
counts. ' : : A

E;Previous Work Done at This Laboratory.

13, mis. report ia the eighi:een.th.a.fa seriss .on
hamber Tests With Human Subjects™ in which the results
btained -in.the evaluation of various protective devices

gainst: &he effects of persistent chemical - agents are ree
orted, ‘

12, NRL letter, C-S77-2 (459-ch), C-459-604, to Bu
hips, dated 20 October 1944 on "Bagic Chamber Tests with

.. and HN~<1"contains & status report sn work which is in-
cluded in the present report, NRL letter C-S77-2 (459-HWC),
-459-646, tea Bu Ships dated 11 November 1944, is a.com-
Parable report on "Basic.Ghamber Tests with HN-3". NRL
eport No, P-2464, dated March 1945, gives a detalled ac-
ount of "™Arn Chamber ‘Exposures to N ¥apors"
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EXPERIMENTAL

Part I. Operatibn and Calibration of the Large Chamber :
for EN Exposures. ]

13. A complete description of the NRL gas chamber is
given in NRL Report No, P-2208, "Chamber Tests with Human

e S

~gubjects- I. Design and Operation of Chamber? dated 22
pecember 1943. Included in that report is (&) a discussion
of the methods of establishing and controlling chamber condi-
‘tioms, i.e., temperature, relative.humidity, and air velocity,
b) & discussion. of the methods of establishing, analysing,
end mainteining H. vapor concentrations in the chamber, and .
.(c) @escription of the operation of the chamber for H vapor

xposures.

14, In using the chamber for HN vagor exposures, the
chamber .conditions are established and controlled exactly. as
‘f6r H vapor exposures, . (Temperature = 80 + 0.5°F; relative
humidity = 65 + 3%;, air velocity = 2.5 m.p.h.).

oty e i
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AL Me thods of ‘Egtabltehing HN Vapor Concentrations,

o (1) EN-1. Operation of the chamber 'has been

staﬁddfaized‘ror“ﬂN=Imvapﬁr"concentrations~ranging from 3

BE o 35 micrograms HN-1 por liter (0,003 to 0,035 mg./1.,) Two
i methods are .used for establishing these concentrations,

. ~ (e) Bead Saturator:-For concentrations.ranging
from 3 to 10 micrograms/l., the bead saturator described in
NRL Report _No. P-2208 for establishing H vapor concentrations
is useds’ Plate 1 shows a schematic diagram of the saturator,
P séd through the saturator containing liquid EN-1,
epéredvfrom'pure‘HN—l«hydrochloride; at rates vary-
B 10 to 20 liters/min. The saturator is operated at
. room temperature, S . » )

L '(b) Flash Distillation: The flash distilliation.

apparg.us,  described In NRL Report No, P-2208 for establishing

H vapor cohcentrations, .is used for setting-up EN-l concentra-

"tions renging from 10 to.35 micrograms HN-1/1. Plate 2 shows
a schematic ‘diegram of this assembly, For HN-1l concentrations

the 0il bath is maintained at 70°C, at which temperature

there have ‘been no indications of decomposition of HN-1l.

- Meagured volumes of freshly prépared HN-1 are run into the’

flagk from the burette and as the HN-1 1ls vaporized it is

carried into the chamber through the heated glass tubs by

en air stream, at retes ranging from 10 to 50 liters/min.,

depending upon the concentration desired. '

(2) HN-3. Operation of the chamber has been
g standarized for fN-3 vapor concentrations ranging from 1 to
- 15 micrograms EN-3/1, (0,001 to 0,015 mg/1.). :

Rt
:
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(a) In the early tests involving HN-3 vapor, con=-
centrations from 1 to 8 micrograms/l. were established by
means of two bead saturators of the type used for H and -
HN~1 and shown in Plate 1, The saturators are wound with
nichrome resistance wire so:they may be operated at any
desired temperature. For establishing the HN-3 vapor
concentrations, they were controlled at. approximately 55°C,
At this temperature no decomposition of H N-3 has been ob-
- gerved, Alr was. passed through each saturator at from 10
to 20 liters/hin and then into the chamber through glass

tubes,’ heated to prevent condensation.

(b)\In ‘the later tests ‘involving HN-3 vapor, concen~
trations from 1 to 15 micrograms/l. were established by
means of three specially designed and construoted "large"

saturators. The saturator assembly is shown in Plates 3

end 4, Thé saturators each contein 500-700 ml. of liquid
. HN-3: Air at about 5 1bs, pressure-is bubbled through the

" HN-3 into-the chamber, " A Uiry-ice acetone trap 'is used %o
‘remove - water vapor from the air line and the saturators-are
equipped with heating coils to maintain the temperature of
the liquid ‘HN-3 at 30°C.

' B Method of Analys1s for HN Vapor Concentratiop.

15, Analysis of HN'vapor concentration in the chamber 1is
is carried out continuously during the period of exposurse,
The method of analysis, a modification of the DB-3 method
"described by W. N. Aldridge in Porton Report No. 2412,
January .9 1942, has been discussed in detail in NRL Repori

0y P-2464 "Chember Tests with Human Subjects, V. Arm.
hamber Exposures to HN Vapors", dated Mareh 1945, - The
theoretical principles upon which the method is based, the
reagents, procedure, and standardization of the method
have been included in that report.

G Standardization of Chamber for HN Vapor Exposures.

. 16, A number of test rums were condué ted to.determine
the optimum conditions for operation of the ¢hamber for HN
‘yapor exposures and to familiarize the laboratory personnel
with .the teehhique of operation. -These test runs are de»
"seribed individually. : '

(1) Simulated HN-1 Vapor Chamber Exposures at Low =
Concentration. ‘

17, To evaluate the method for establishment of low
concentrations of HN-1l vapor (bead saturator method) and
to determine the most efficient method of operating the
‘saturator for maintaining low concentrations, a simulated
HNel vapor exposure was conducted, The conditions set«up
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for this test and the results obtained are shown in the
following table:

Table I
Simulated HN-1 Yapor Exposure at Low CT

condltions: Desired concentration = 8.3yEN-1/1,-CT=250 (30 min)
- Bead saturator at room temperature.
Chamber empty.

Hime CéhchHN-l_ -saturator Operating Flow Rate Thru Satumte

Min.). yHN=1/I~  ~°  “Time (Min,)  (1liters/min.)
0.6 .. CGontinuous : 10
0.6 S u

0.4 .8 "
N 0.2 ' " “
0.2 - ", T}
0.2 R o
0.4 n b
O 06 LA 2‘0
1.4 # H
2.9 - » 1

- 2.8 " %

4,6 “ .
5 .4 it 1
5.8 . - n n
704 o . Off

846 . -

8.4 : i

8.6 u

9.‘4 ft -

- 9.6 {8

8'2 C !

9.2' - 14

" 18, The ‘data given in the above table are also shown
aphically in Plate 5., It may be seen that considerable

-1 vapor was introduced into the chamber before the
ncentration began to increase. This indicates a relatively
rge “pick-up" by the walls and other surfaces, When the
ncentration began to build up, a good linear vapor input
rate was observed., From the slope of the curve in Plate 3,

~ input rate of 0,19 YHN-1/1./min. is indicated. When a
ncentration approaching the desired value of 8.3 YHN=-1/1.
.3 obtained the saturator was turned off, It was found

¥ 8t within & 30 min. period there was no loss of vapor in
fthe chamber, The average concentration during this "control®
gberiod was 8.9 yHN-1/1., giving at CT of 267. The desired ‘ -
;ST of 250 would have been obtained with a 28 minute exposure, :




(2) Simulated HN-1 Vapor Chamber Exposure at
High Concentration

19. Another simulated HN~l vapor exposure was
conducted.to investigate the .operation ef the "flash
gaturator" method for establishing HN~-1 concentrations,.
~The conditions and results of this test are giyen in

" Table II and Plate 6. :

B S R S T ety

v Ty

Table II

“Simulated HN-1 Vapor Exposure at High CT

Conditions: Desired concentration = -33,3yHN-1/1 < CT
= 2000'(60\pih;) Flash saturator at. 70+C.

B Tirme Cone . HN-1 M1, HN-l Remarks

¢ (Min,) (yHEN-1/1,) Added
0 - T
5 32 -
10 65
15 11 .4
20 15,7
25 18.8
30 24 .8
35 27,9
40 32.0 :
36.5 ~ . ’ . -5 Carbon Suits Placed
: » : 40,7 . : : C ‘in chamber
60,. - 45.0.
Lo 40’4 : «t
40,9 _ &
30,7 . . - . |
36 40
- 83 .0
- 30,7
. 28.9
00 - -~ 28,9
: 26 ,0

.- 20, .The data in Table II and Plate 6 show a good

linear input rgte of HN~-1 using the "flash saturator"
system, As measured from the slope of the curve in Plate
this rate is 0,83 y'HN'-1/1,/min, "The average concentration
of HNe-]l vapor during the"control period" with 5 carbon suits
in the chamber was 35,5 yHN-1/1, This corresponds to a TT

f 2130 for 60 min, A CT of 2000 was obtained -in 56 minutes,

“ 2l It was?céncluded,as ﬁ rasult of the daté.obtained
810 simulated HN-1 exposures, that satisfactory chaiber

'r6r
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¥ eration could be obtained by using the described systems
#nd -technique for establishing and maintaining HN~-1 concen-~
B rotions.. As 1n the sase of HN arm chamber exposures (NRL
Report No. P-2464), 1t was decided to.conduct the chamber
peration by adjusting the time (T) of exposure within

he . range of §0-70 minutes so as to obtain CTs within 5% of
the desired value, This time adjustment is necessary
ecause of the 12-13 minute lag in obtaining the analytical
yosults and the consequent difficulty in accurately estime~
ating saturator operating time and "'HN-1 additions,

_ (3)\Establishﬁent of HN-3 Vapor Concentrations
. T

22, The -described procedure for the establishment of
- HN«3 vapor concentrations in the large chamber in early

B tésts was evaluated by conducting a test run in which the

bead saturators were operated continuously -and the HN-3

vapor input rate measured by analysis of the chamber gt~

tmosphere. The data obtained in this test are presented

in Table III end Plate 7., _

S Zable III
Eétablishment of HN-3 Vapor Concentration~Bead Saturators

Conditions: Bead Saturatoirs at 55¢C - Gontinuoué'Operation
S Chamber Empty : : '

s
W '

1.5

e 4 a6 5. % 0o
~3 ~3 00 OO O

[}

L] e & » s 8
XN N o RN RERCEC TSP

O O N LN N b O GG O G OO0 AR 0O

0.037

23. The above data indicate a slow but uniform HN-3

fconrrpENTIAL. -

Min., “Conc.‘HN-S ( v/1.) Input Rate ( y~HN-371,/min,)

;
B
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' {nput rate. It was concluded on the basis of this test

f. thet using the described procedure, HN-3 vapor concen-
tration of 2 to 7 YHN-3/1, could be established and main-
tained satisfactorily., Exposures at these concentrations
for 60 -minutes give CT values from 100 .to 400,

24, A test run using the "large" saturator system
employed in. the later HN-3 tests was conducted in the fo
®. following menner: The 3 saturators were operated con-
B¢ tinuously at 33-34°C for 90 minutes with the chamber

% empty. Eight standard aqueous process CC-2 impregnated
guits wére then\placed‘in the chamber, and the operation
was continued for 70 minutes, The HNN3 vapor input-rate
was measured and the effect of the CC-2 clothing on the
EN~3 vapor concentration- were determined by the standard
method of analysis. The results of this test are shown
in Table IV and Plate 8. "

Table IV
Establishment of HN-3 Vapor Concentration'”Large Saturators"”

ﬁf‘Time ' : “Input Rate ‘
§. (Min.) GConc. HN-3 (y/1,) yHN-3/1./min. Remarks

5.9 . - Chamber Empiy

- 9,9
11.2
12 .2
16.3
17.1 .

. 23.7 . ' : .

. 25,6 28 8 CC-2 Suits Placed
22 .0 . : in Chamber
18,2 . : '

18.6
14.6
16.9
13.2
17,6

; 25. As may be seen from the data in the above table
f. end from Plete 8, & conoentration of 25.6 yHN-3/1. had
% been obtained in-the chamber at the time at which the suits
were introduced. The concentration then dropped to a levél
of about 15YHN-3/1. where it beceme relatively constant,
Thus, -it was indicated that using this method of establishing
and maintaining concentrations of HN-3 vapor, a maximum .
" concentration of 15YHN-3/1. (CT= 900 for 60 min.) could be
¢ maintained in the presence of 8 CC-2 impregnated suits.

D. Operation of Chamber for Physiological Tests

k. conFIpENTIAL 8-




26, A detailed description of the exact procedure
d in operating the large chamber for an H. vapor
‘ sure. 1s given in NRL Report No. P-2208, The same
B ocedure 1s followed for HN=-l and HN-3 vapor exposures,
o exposure time 1s varied within 50-70 minutes to give
B T within 5% of the desired value., The complete log
iend date for typical HN-1 and HN-3 tests are presented
jsn the following tables. ‘ '

- Table V.

Data for Typical HN-1 Chamber Test (Test #4).

Hoonditions: (a) 10 men in the chamber, each dressed in
' ’ standard dungaree clothing with watch
caps end gas masks, '
(b) Desired concentration 5,0 Y HN -1/1.
for 1 hr, (CT = 300) . ' '
(¢) Air passed through bead saturator at
10 liters/min. ' '
(d) Saturator operated at room temperature,

Solution No. v ENe-1 %4 Transmission
1 : 5,1 6648
2 . 10 .2 42 0
3 15,2 T 26.4
b ' . 25,4 ' 10,5

in Plate 9 (Upper Curve).
Apalysfg‘of’HN-l Vapor from'chamber

The calibratioﬁ curve prepared froﬁ the above data is shown

Time  Saturator Operating

‘(Min,) " T4me (Min,) - ¢Transmission yHNel/l. Remarks
5 0. 97.0 0.6
10 0 96 .6 0.8
15 5 97,2 0.5
20 5 94.8 1.2
25 5 91.5 2.0
30 5 L 87.0 3.2
35 5 82 .4 4.4
40 5 78.3 5.6 : , i
. 45 0 77 .6 5.8 Men in Chemier g
50 . 2.5 79 .9 5,2 at 45 min, = :
S5 1,8 81.0 4,8 ' bt
60 4,0 82,0 4,6 g?t
65 3,5 83,2 4.2 iR
70 4.0 83.3 4.2 .
75 4,0 82,7 4.4 i




Table V (Cont'd

& pnalysis of HN-1 Vapor from Chamber (Cont'd)

Saturator Operating

(Min.) ‘Time (Mina) - fTransmission-yEN-1/1. Remarks

80 3.2 82,5 4.5

85 5.0 85 .0 4,3

90 5.0 81.0 4,8 .
© 95 4,5 79.9 5.2 Men out of
100 T4 79.9 5.2 Chamber at
105 4,5 79.9 5.2 106 min.

Summar R

Concentration of HN-1 Vapor ( YHN-l/l.)
Average = 4,8, Maximum = 5,8, Minimum = 4.2
Average Deviation from Mean = + O, 4

Temperature ( °F) = 90
Relative Humidity (%) = 65
CT - Actudl TT = 293 (61 Min:)

Data For Typical HN-3 Chamber Test (Test #1).

Conditions., (a) 8 men in the chamber each dressed in stand-
. ard dungaree cloﬁhing with whtch caps and

gas masks, .

(b) Desired’concentration =1 7'rHN—3/1 far 1

. hour (CT = 100).

(c) Air passed through bead saturators at 10
liters/min .

(d) Saturators operated at 55°C.

eparation of Calibration Curve

w]0Ow

Solution No,  yHN-3 4Transmission
- — LRttt
1 " 0,86 94 .4
3 2,59 86 .0
4 - 346 820
) 4,52 77.6

e calibration curve prepared from the above data is shown
Plate 9 (Lower Curve) .




Table VI (Cont!d)

plysis of HN-3 Vapor from Chamber.,
p— . B

ime Saturator Operating

Smin.) ~ Time (Min.) . ZTransmission ﬁHN-S/i.'Remarks

96 .9
98.7
-97.3
98,7
98 ¢
99,2
~ 96,1
- 97 .0
95 .8
96.5
95.2
96.0
94.1
95,2
92,0
93,5
94,9
95,0
94,2
95 ,6
95,1,
96,3
93 ,8
94,5
94,6
95,9

/

ONEHgUUOoONDB OISOt gng

.'/

QAOWONDROUNDOBLORO

~ Men in
.- Chamber at
75 nmin,

o

o ..(,’.'

Men out of
Chamber at
130 min.

= N

L)

RO RO RO RN R MR RRHREOO0 0 D0
*
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s & ¢ & o o

 Concentration of HN-3 Vapor (yEN-3/1.) '
"Average = 1,9, Maximum = 2.8, Minimum = 1.2
‘Average Deviation from Mean = + 0.3
* Temperature (*F) = 90 -
Relative Humidity (%) « 65
CT - Actual CT = 105 (55 Min,)

art II, Chamber Tests with Human Subjects.
. A. Procedure

(1) General ggutine‘

27. The procedure employéd in these tests was essent-
elly the same as that for the tests with H vapor and has
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en descrlibed in detail in NRL Report No; P-2579, TChamber
ﬁTeStS with Human Subjects IX. Basic Tests with H,Vapor",
B Gsted 14 August 1945,

() Test Subjects.

28. The men used in these tests were volunteer Naval
ersonnel from US Naval Training Center, Bainbridge, Marylam,
. ond were usually seamen, second class, from eighteen to

¥ twenty years of age, who had just completed their "boot"
raining. Their homes were mostly in the Atlantic Seaboard
pates, toth north and south of Washington, D. C. All men
eceived a routine physiecal and laboratory examination
blood &ndmurine)_and only those approved by a medical officer
articipated in.the experimentg. At the end of the tests, '
he men were granted speclal leave and an entry was made
n their servicé records attesting thelr attendance at this
activity. Recently, authorlzation has been granted for the
commanding officer to give commendation to especially
"deserving individuals, :

(3) Clothing,

29, The clothing worn during chamber exposure in the
basic tests was the same wz that fTor the tests with H vapor,
i,e., standard issue skivvy shirts:.and Nainsook shorts,
watch caps, blue denim shirts, dungaree pants, standard socks
¢ and shoes. Shirt collars were buttoned and shirt sleeves .
‘were buttoned at the wrist, All men wore ND Mark IIT or -
'IV masks. In some of the tests, the Nainsook shorts_were
.replaced by CY<2 impregnated shorts (so-called one-half layer
rotection), These latter were of the rib-knit type,
'pregnated, §Z‘the\aqueous process, and:.contained about
.mg.Clefom,*; In ell tests since 1 January 3945, the
en havé worn suspenders made of carbon-coated cloth (August
model), The protection afforded by these suspenders causes
& subjacent area of relatively normal skin which coentrasts
ith the erythematous area and facilitates observations.
This oifect is faintly visible in Fig. 4, Plate 1l),

30, In addition to the basic tests, a few tests were
arried out in which the men wore the standard CC-2 impreg-
ated Arhzen cloth protective suits (so-called. onewlayer
rotection), These sults ,were impregnated by the aqueous
ethod, using 100 parts C =2, 25 parts Zn0O, 75 parts
hlorinated paraffin, 3,75 parts polyvinol alcohel, and
parts dyeg the usual Cl+ content of the cloth was . .
05 mg./em.*; In some of the tests the men also wore CCa2
glupregnated protective shorts (so-called one and one-half
ayer protection).

(4) Conditions related to chamber exposure.

$. 1. All chamber exposures for this series of tests
givers conducted at 90°F and 65% R.H. Single exposuras were
i’mployed in all tests except No, 22(a double exposure);
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The men were in the chamber 50- 70 minutes, the time belng
varied to obtain the desired CT (within 5%) During ex-
osure, the men stood at ease but were required to change
ositions about every five minutes. In general, before and
after chamber exposure, the men led a relatively sedentary
existence except for occa51onal perticipation in mild ath~

letics .

(5) Daily Readings and the Recording and Evaluatlon
- of Data

32, The men were inspected by a medical officer daily
for 4 to 8 days or longer after exposure. The usual arbi-
trary intensity scale was used to record the maximum read-
ing for a~given body region:

0 = no_reaction .
= mild. erythema
= moderate erythema
= intense"erythema
= a, erythema with edema
b. maceration of axiilery skin
c. dry scaling of scrotum
-5 = a. xesicle
"b. numerous pinpoint vesicles
cs crusting or ulceration of scrotum or axilla,

"o A DD

-
L

33. The same body regions were described as are listed
in the report on the tests with H Vapor (NRL Report No,
P-2579), but have been somewhat condensed as listed in Tables
X and XI in the appendix.

K 34, For theevaluation of data Trom: the tests with H
vapor it was féund advantageéus,to employ a total damage
"Iindex which represented a combindtion of the intensity of
reaction and the surface area involved, This index d4id not
prove pra¢tical for evaluation of the data from the HN

vapor tests because the reactions were generally quite
ocalized in this iimited series of tests. Hence, this data
as been treated in a more qualitative or descriptive fashion
‘with speciwl -emphasis on those. regionstprimarliy affected,
‘namély, the neck and the scrotum.

(6) . Legggcyge Counts

35. Total and ﬁifferential leucocyte. counts werse. taken
on many of these subjects before and after chamber exposure.
g These counts are recorded in Table XIII of the Appendix.

B. Results

(1) Tesks with HNL

36, - The maximim readings for sevénteen body areasfor

- CONFIDENTIAL 15w
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ach man are tabulsted in Table X in the Appendix. In
‘mgble VII, these data have been summarized to present

the average intensities of reaction for the group of men
employed in a given test. The reactions for the neck and
gecrotum, which were especiglly affected, are listed sep-
arately; whereas the regctions of the other body ares have
peen averaged and expressed as the "rest of body" (i.e.,
excluding readings for neck, scrotum, and penis).

(a) Neck Reactions

® . 37. In the summer basic tests at CT 100, neck re~
‘actions were relatively mild; but at CTs 200 and 300,
intense erythema and, in many cases, erythema with e dems,
were observed with subsequent intense pigmentation., In
the basic tests run in the winter (Tests 7-9), the neck
reactions were more.severe than those for any other region
but were much milder than those of the summer series even
though the CTs qf exposure were considerably higher.

_Table VII
Tests With HN-1
Tegt - . No. ~ “Serotum Rest of
' No. Date €T Mew Prot, Neck Av. No.C.%C _Body Av.
1 8/10/44 100 10 B 1.3 1.2 0C. © 0.3
2 8/15/44 200 10 B 3.4 1.4 0C, O 1.2
- 3 8/22/44 300 10 B 3.3 4.6 gv c.)'ro 1.7
g . : - 280. - .
4 '85?2/44- 300 10 Iox 2,2 3.3(X1S6) 30 0.7
5, 8/29/34 300 10+ II#x 2.6 4,6 9 C, 90 1
6 9/ 2/a¢ 400 9 1-1/21x 2.9 4.3 7C. 78 Tl
7. -1/16/45 300 8 B 1.9 Q.6 0C, © 0.3
8 -:1/18/45 45¢ 4 B 1.8 1.6 1 Sc. O 0.6
9 -.-1/20/45 ~7oo 6 B 2.2 4.0 (lec.)ssv 0.6
. { !

B = basic test i.e., men wore dungarees

B=1/2L = dungarees plus CC~2 impregnated shorts

Il = one layer, i.,e,, CC=~2 impregnated suits

ipl/QL—==one‘and one=half layer, 1. e., €62 impregnated
' sults and shorts .

# = 8-330 protective ointment worn on neck,

C = crusted or ulcerated scrotal lesions.,

8¢ = dry, scaling scrotal lesion,

38. In the basic tests (1-3 7v9), most of the skin
of the neck was exposed bare in the chamber but part of
it was cavered by the buttoned collar of the blue denim
shirt, It is evident from Fig. 1, Plate 10, .that some
degree of protection was afforded by plain clothing. In
tests 4,5, and 6, S-330 protective ointment was worn on
the neck whiqh was further protected by the hood of ‘the

S ——————
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suit. These measures offered some protection, but never-
theless, severe neck reactions occurred; and the protect-
ion given was certainly not in the same category with
that which these same measures would have afforded against
H vapor,.

(b) Scrotal Reactions.

39, The vulnerability of the scrotum to HN-1 is
outstending. From Table XII, Appendix, it can be seen
that, at CT 300 and above, a large number of the men in
the tests performed during the summer sustained crusted
lesions of the scrotum. This occurred even in the men
wearing both protective shorts and suits, and exposed to
CT 400. Of special interest is the test of the .winter
gseries at CT 700, Neck reactions were moderate, the rest
of the body was very-mildly affected and yet, of 6 men 4
developed crusted lesions and one showed dry scaling, In
no case was actual bleb formation observed,

40, The time of occurrence of these lésions,. the
severity and duration as presented in Table XII, Appendix,
was approximately like those for the H vapor tests, Since
the. appegrance of .these HN-l lesions was in -no-way speciflic
and was similar to those presented for H vapor, no color
prints of scrotal leésions have been included in this report
(see NBRL Report No. P—2579 for pictures of H vapor scrotal
1esions)

(c) Reaotions of the Rest of the Body

Ty

Co- 41, ‘While'considerably milder than the reactions
of the scrotum and neck, these also showed an incprease
‘in severity parallel with an increase in COT of exposure,
Even at highepy CTs, reactions in tests of the winter
series were much milder than those of the summer, One
layer of ordinafy clothing (deriim shirt) offered gome
protection eg can be seen in Fig. 1, Plate 10, if the
arms and lower neck are compared with the.upper neck
which wes exposed bare, = Two layers of ordinary clothing
offered even more protection sincd the outline of the
skivvy shirt is evident in the aforementioned picture,
The hands and wrists of the same individual are i}llustrated
in Figure 2 and show an unusually severe reaction,

42, There is an indication that CC—2 impregnated
clothing offered some protection to the general body
. surface (compare tests 3 and 4); and, in spite of a higher
CT (400), tests 5 and 6 showed slightly milder reactlons
“than test 3 at €T 300,

§ CONFIDENTIAL | ~15m




. Effect of Wearing Clathing After Leaving Chamber as
: comparea With Bathing lmmediately.

43. 1In the first four tests with HN-1 (Tests 1-2,
Table VII), half of the men t odk a shower bath immed-
-jately upon leaving the chamber and donned fresh (un-
exposed) clothing. The other half wore the same clothing
which they had worn in the chamber for four hours after-
wards. The average intensities of reaction per man per

arce are listed in Table VIII., There is no appreciable-
~ difference between the two groups.

-~ Table VIIT

Effect of Wearing of Clothing
.

1N 0T
"u’}l?di ’b'i‘!: Y 1%

ELNE R A LN

: % All 17 areas listed are included,

" (4) Leucocyte Counts

44, From Table XIII Appendix it 1s evident that
% o‘significant changes occurred ‘

(2) Tests with HN=-3

“in & manner analogous to those for the HN-1l tests =nd =re

presented in’ Table XI of the Appendix and are summarized
;n Table IX.» .

Shower - 4 Hr, Wear.
Test Mén No, Av,/Man/Areast Men No, Av/Man/Areax
1 1-5 (inel,) 0.4 6-10(1incl,). 0.4
2 1-5 (inel,) 1,2 6-10(incl,) 1.6
3 1-5 (incl,) 1.8 - 6-10(incl.,) 2.1
4 1-2 (incl.) 1.1 dounﬂ.) 0.9
AVERAGE : 1.1 1,3

The results for these tests have been tabulated

IDENTIAL ' ~16~

-Table‘IK*
IeStslwith BEN-3 o ‘
: No. Scrotum Rest of Body
0. Date “CT Men Prot., Neck Av. No.C.%C Average
. 9/7/44 50 8 B 1.8 0.5 0C. O " 02
9/7/44 100 8 B 3.0 1.9 1Cc. 13, 08
/16/44 150 8 B 4,0 4.0 6C. 75 1.8
(9/16/44 150 7 1II, 1.1 1.6 1sC O 0.3
/16/44 200 7 1/ 2Ix 1,1 0.3 oC O : 0.2
/9/ 45 150 6 B 1.5 0.3 o¢c O 0.7
/19/45 250 6 'B 2.5 1.5 25¢C O 0.8
/27/45 350 8 B 4,9 3.6 (6C)75 1.7
T 1sC

a
u




Table IX (con't)
Tests With HN-3

{ No. Date CT Mer Prot., Neck Av. No.C. %C Average
| —

18 8/10/45 150 8 B-1/2L 2.0 0 oc 0 0.2
f 19 8/10/45 200 8 _1-.¥/2m: 2.0 0 oc 0 0.2

' 20 8/20/45 500 6 1-1/2L% 1.7 0.3 OC 0 0.3

v el 8/27/45 850 6 1-1/2Lx 2.0 0.3 OC 0 0.7
Y 0o 9/4/45 2000%%6 1-1/2I% 1.3 O oc 0 0.3

B = basic test, i.e., men wore dungarees.
B-1/2L = dungareées plus CC=2 impregnated shorts.

£ IL = one layer, i.e,, CC-2 impregnated suits.

{ 1-1/2L = one and one-half layer, i.e., CC-2 impregnated suits’
i and shorts, :

. % = 8~330 protective ointment worn on neck.
i € = crusted or ulcerated scrotal lesion.
-8C = dry, scaling scrotal lesion

¢ = 2 exposures of 1000 CT each.

{d) "Reék Reactions

i
i

H 46. The basic tests at CTs 50, 100, and 150 (Tests 10,
¢ 11, and 12, respectively) showed a progressive incresase in

I the severity of neck reactions, three out of ten men at CT
€ 150 showing vesication of the neck. Tests 13 and 14, run

3 concurrently with test 12, showed that the hood of CC-2

4. protective clothing offered good protection to the neck., It
# 1s not possible to evaluate the added protection afforded

4 Dy the ointment worn on the neck in Test 14,

» - 47, The reactions of the basic tests of the winter
k' series (Tests 15, 16 and 17) showed a progressive increase
4 In severity of reaction with increase in CT. At CT 150,

i the reactions were much milder in the winter series, In
#-the winteér series, at CT 350 (Test 17), 7 out of 8 men

§' suffered vesication. of the neck and subsequently developed
¢ Intense pigmentation (Figures 3 and 4, Plate 11). From

¥ these figures it is also evident that the plain denim shirt
i collar offered some protection to the area of the neck it
% covered,

¥ ~48. Some of the tests were repeated in the summer of
t 1945, At CT 150 (Test 18), the reactions of the neck were

$ only mild to moderate, Many of the men's necks showed mod-

¥ erate actinic erythema or pigment prior to the test, making

B cvaluation of the reactions difficult. The reduction in
§s6verity as compared with the previous summer test at CT

B 150 cannot be explained. In the other tests of this series,

% &t higher CTs, the neck was protected by S-330 ointment; and
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. py the hood of the CC-2 lmpregnated suits. At the highest
.- T tested (2 exposures of 1000 CT each), the neck was well
protected and showed only a mild reaction.

(b) Reactions of the Scrotum

49, These reactions are listed in Table XII of the
sppendix. In the summer series, one man out of eight devel-
oped a crusted lesion at CT 100; but at CT 150 (Test 12)
¥ guch lesions were evident in six out of eight men., Standard
g o-2 impregnated suits protected completely at CT 150; at
B T 200, protective suits plus protective shorts gave complete
protection. ~
o 50. In the winter basic tests, no ecrusted lesions were
¥ ' observed at CT 250 but' two men did show dry scaling lesions
¥ which indicated damage slightly below the crusting level.
out of eight men exposed at CT 350, six suffered crusted
lesions and one, a scaling lesion, .

51. 1In all the tests which were repeated in the summer
of 1945, CC-2 impregnated protective shorts were worn and,,

in all tests excépt No, 18, also CC-2 impregnated suits, In

none of these tests, were any crusted scrotal lesions obser-
ved. ‘

3 52, Time of occurrence -and healing of these crusted
- scrotal lesions was similar to those from H vapor, No .
specificity in appearance or location was evident for ¥y-3.

(8) Reactions of the rest of the body,

63. As for HN-1l, increase in CT resulted in increased
severlity of reaction, and at CT 150 the first summer series
(1944) showed more intense reactions than the winter series,
However, as for the neck reactions, the repeatéd summer
tests (1945) resulted in extremely mild reactions on the
general body surface.

54, Plain clothing offered some protection-against
HN-3 and CC-2 clothing offered good protection up to the
highest CT tested (2 exposures of 100 CT each).

66, 1t should be mentioned that the axillee-proper
were not affected in the HN-1l or HN-3 tests in contrast to
those whth H vapor. iWhere axillary reactions occurred,
they involved the folds or upper medial arms (e.f. Figure
3, Plate 11). Since central axillary reactions from H
y.vapor occurred primarily at temperatures below 80°F, and

e Usually not et 90°F., it may be that a similar phenomenon
% 8Pplies to the HN reactions. All tests in this.geries with
» however, were run at 90°F. '

b
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SUMMARY AND CONCLUSIONS

1. The calibration and operation of the NRL large
chamber for the exposure of human subjects to nitrogen
mustard vapors are described in detail.

2, Concentrations of HN-1l vapor are established and
maintained by means of a bead saturator (for low concen-
trations) and a "flash distillation" system (for high
concentrations). The bead saturator 1s operated at room
temperature and the "flash distillation" system at 70°C.

3. Concentrations of HN-3 vapor have been established
by two methods: (a) Bead saturators operated at 55°C., and
(b) "large" saturators operated at 30°¢C.

4. For the operating conditions and methods as des-
cribed there has been no evidence of decomposition of the
agents or of aerosol production.

6. Analysis of the HN vapor in the chamber is carried
out by means of the DB-3 method described by W. N. Aldridge
in Porton Report No., 2412, January 9, 1942, and modified
at this Laboratory as described in NRL Report No, P=2464.

6. Operation of the chamber has been standardized
for HN-1 exposures ranging from 200 to 2000 CT (60 min,)
and for HN-3 vapor exposures ranging from 100 to 900 CT
(60 min.). The precision of this operation is such that
a CT within 5% of the desired value is cbtained with T
factors ranging from 50 to 70 minutes (optimum = 60 min.).

7. Reactions to HN-1 and HN-3 vapor, are much more
severe on the neck and the scrotum than on the rest of the
body - surface,

8, 1In basic tests, " under summer conditions, severe
neck reactions occurred at CT.300 with HN-1 and at CT 150
in one series of tests with HN-3. :

9. Scrotal reactions due to HN-1 and HN-3 were
similar to those from H vapor as regards appearancs,
time of onset and duration,

10. As for H vapor, severity of reaction increased
with CT; and summer reactions were more severe than those
in winter,

11. For the HN-1 basic tests, no difference was noted
whether a shower was taken at once after exposure or if
the clothing wern in the chamber was worn for four hours
after exposure.
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. 12, Some protection by ordinary clothing is evident
for the nitrogen mustards,

15, CC-2 imprégnated clothing offers very poor
protection against HN-1 (CT 400 under summer conditions).
Up to the highest CT tested (2 exposures of 1000 CT each),
it offered good protection against HN-3.

14, A limited amount of data indicated no effect
of chamber exposure to HN-1l or HN-3 on the leucocyte counts,

~
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TaBib XIII
Leucocyte Counts

Man Before Ly Days Day
2 N WEC WBC No.  WBC
300 1 7,800 8,350 T T
2 7,550 7,950 13 7,000
3 8,100 7,600
L 8,550 9,250 13 7,950
5 9,200 - 9,050
6 5,800 - 5,400 13 6,000
1 11,450 9,250 13 9,h50
- 8 8,500 7,600 ‘
"9 - 9,950 9,300 13 8,350
10 . 9,850 10,400
300 1. 9,300 9,150 15 9,200
2 12,050 9,900 15 9,750
3 7,000 7,600 15 7,450
L 6,600 - 6,100 22 6,300
5 9,150 8,800 15 9,200
6 9,450 9,050 20 8,550
7 5,850 6,100 15 6,350
8 6,500 6,850 15 6,600
9 8,700 8,450 20 - 8,900
10 10,600 9,650 13 9,550
Loo 1 5,150 . 9,550 10 5,400
2 8,100 9,650 10 9,150
3. 6,850 8,200 10 8,550
L 7,300 9,850 10 9,200
5. 9,900 9,000 10 - 8,550
6 9,750 -5,500 10 9,200
7 6,850 6,100. 10 6,650
8 8,l50 7,650 10 8,100
2 7,350 8,850 lo 9,100
10 6,100 5,250 10 5,650
Loo 1 6,850 7,250
2 9,150 9,400
3 8,850 8,350
L 5,300 6,150
.5 7,700 7,200 -~
6 10,100 - 9,750
7 10,150 '
8 2,850
9 6,100
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HN3 100

THN3 | 200

Agent - cT

m3 150

Man
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Table XIII (Con'd)

Before Exp.
WBC Diff.¢  WEC

6,500 70-2L4~ L~ 2
5,350 72-19- 7- 1~ 1
6,100 66-29- 5

- 7.1450 56-38- 5-

1
8,100 62-28-.6- I
8,500 :78-18- L4 ,
6,950 76-20- 3+ 1

7,600 70-28- 2

\ h Davs
- 1,550 59-30- 9- 2 8,250
6,700 76-21- 2- 1 6,300
7,050 57-29- 3- 1 6,500
5,900 61-3l- 3- 2 6.h50
5,300 70-23~ 5— 2. 65050

7,750 = 7,100
6,800 55-37- 6— 2 6,200
8,600 60-32- 6- 2 9,350

5 Days
7,050 - 7,950
6,600 5,500
6,300 . 6,800
8,350 8,800
8,000 - 7,600
8,'250 ’ 7.:’400 ‘
8,600 9,100
6:900 ’ ";‘ -7.250
. -5 Days
9,050 : :
7,400 ’ ' 0959
6,200 . . 5,600
8,600 8,500
8,100 : 8,700
6,400 6.950
5,350 - 5,800
_ 6 Days
© 7,050 8,100
7,500 . 8,000
7,800 6,700
7,300 7,550
9,700 9,050
8,400 7,800
5,100 ’ : 6,250

' 7 Days
WBC Diff.*

uoo 75-20- L~ 1
5 750 68-26- 5- 1
5:250 61'32' )4’ 3
8,400 68-24~ L- 8
7,700 60-30~ 6~ L

8,950 T1-22~ 5- 2
5,950 é8-27- 3- 1
9,950 51-43- 6

7 Days .
5,300 9-1j5- L~ 2
6,950 52~43-2-3
8,300 78~18- 3~ 1
5,100 L9-148~ 3
6,150 65-28--4- 3
6,900 513~ 3
5,500 70-21- 7= 2
6,200 57-41= 2

fferﬁntlal Counts listed in order: polymorphonuclear 1eucocytes.

Ocytes, eqsinophiles, monocytes, basophiles (P-L-E-M—B)
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